ABSTRACT: The tropical sea cucumber (Aspidochirotida) fishery for the lucrative Asian driedseafood trade is a multi-species fishery with little ecological knowledge. To improve ecological understanding of the targeted species, the reefs of Mayotte, Western Indian Ocean, were surveyed to document the distribution, species assemblage and habitat utilization of commercial sea cucumbers. This is one of the few reef areas in the region protected from fishing, thus providing an important and unique opportunity to investigate sea cucumber ecology. Twenty-two species were observed. The medium-value Bohadschia atra and the high-value Holothuria nobilis were the most abundant species. Species distribution varied but the density was generally similar across areas and habitats. Multivariate analysis (ANOSIM) indicated that the community was similar between surveyed areas and reef habitats. Diversity was lower in one of the surveyed areas and in the ocean-facing barrier reef habitat. Habitat complexity was not a significant driver of diversity or abundance. A principal component analysis showed that the 6 most common species (B. atra, Holothuria atra, H. fuscopunctata, H. nobilis and Thelenota ananas) were associated with different substrate types. Clustering these species according to substrate variables indicated both habitat utilization overlap and segregation among species, valuable information for spatial planning of fisheries management and conservation. Although unique species were observed in some areas, the present study shows that, at a large spatial scale, the unfished reefs in Mayotte consist of similar commercial sea cucumber communities, an important baseline finding.
INTRODUCTION
Characterisation of spatial distribution patterns of commercial species is imperative for informed invertebrate fisheries management (Perry et al. 1999) . This is also a pre-requisite for identification of protected areas, spatial planning in ecosystem-based management, designing surveys and understanding ecological interactions (Andrew & Mapstone 1987 , Nagelkerken et al. 2000 , Sale et al. 2005 , Crowder & Norse 2008 . Sea cucumbers (Holothuroidea; Aspidochirotida) are commonly harvested in tropical coastal waters for the dried body wall product marketed as bêche-de-mer or trepang in Asian markets (Conand & Byrne 1993 ). Bêche-de-mer is produced from around 40 species that are heavily fished throughout the Indo-Pacific, most commonly in under-managed fisheries, despite significant knowledge gaps regarding their ecology (e.g. Uthicke & Benzie 2000 , Purcell 2010 , Dissanyake & Stefansson 2012 . The paucity of ecological understanding is a major barrier for management of bêche-de-mer resources (Purcell 2010) . Although recent research suggests that their presence is important for the productivity in seagrass beds (Wolkenhauer et al. 2010 ) and in the CaCO 3 balance of coral reefs (Schneider et al. 2011) , our knowledge of the ecological impact of removal of these conspicuous invertebrates through commercial harvest is poor.
Understanding of the resource−habitat link for the tropical sea cucumber fishery is complicated because it is a diverse multi-species fishery. Some species' tend to occur in aggregations, and their distribution may be influenced by biotic relationships or sediment characteristics (e.g. grain size, organic content) (Conand 1989 , Conand & Chardy 1985 , Uthicke & Karez 1999 , Tuya et al. 2006 , Shiell & Knott 2010 , Slater & Jeffs 2010 , Dissanyake & Stefansson 2012 . Distribution can also be influenced by other habitat variables such as shelter (Shiell & Knott 2008) . In addition, many species seem to utilize different habitats across stages of their life-history (Byrne et al. 2004 , Shiell 2004 ), a common feature of marine species (Gillanders et al. 2003) . For improved planning and management of the sea cucumber fishery it is essential to improve understanding of spatial distribution and habitat utilization of target species.
Since Conand's (1989) studies of the distribution and habitat utilization of sea cucumber communities in New Caledonia, studies at the coastal seascape scale have been scarce, despite sea cucumbers economic importance as bêche-de-mer resources. Broad distribution patterns of common commercial species are often described using general geomorphological habitat features (e.g. Desurmont 2003) , and descriptive faunal surveys have been undertaken in the Western Indian Ocean (WIO) (e.g. Conand & Mangion 2002 , Samyn & Tallon 2005 , Samyn et al. 2006 , Mulochau & Conand 2008 . Single-species studies focussing on habitat preference are available for common (e.g. Holothuria atra; Uthicke 1999 , Dissa nyake & Stefansson 2012 and high-value species (e.g. Holothuria whitmaei; Uthicke & Benzie 2000 , Shiell & Uthicke 2006 , Shiell & Knott 2010 or species identified for aquaculture (e.g. Holothuria scabra; Hamel et al. 2001) . However, whole community studies or in-depth studies on spatial distribution patterns and habitat utilization for many of the commercial holothurians are rare (e.g. Conand & Chardy 1985 , Bellchambers et al. 2011 ). This is a major knowledge gap in aspidochirotid ecology in the IndoPacific, where aspidochirotids are a conspicuous component of reef ecosystems.
In the present study, the commercial sea cucumber community around the island of Mayotte in the Comoros Archipelago, WIO, was mapped, and distribution patterns were analysed using data obtained by manta tow, a survey method applicable to fisheries management teams . Historical records suggest that Chinese communities employed fishers in the archipelago to harvest sea cucumbers for export as bêche-de-mer as early as 1916 (MAD 1916) . However, the fishery appears to have remained inactive for decades until the mid-1990s when Mayotte experienced a period of unregulated harvest (Pouget 2004) . In 2003 commercial sea cucumber species were common on the main islands' fringing reefs (Pouget 2005) . The fishery was closed in 2004 (Prefecture de Mayotte 2004) . The Comoros Archipelago supports a diverse assemblage of commercial holothurian species (Conand et al. 2005 . Mayotte is one of the few large reef systems in the WIO protected from commercial fishing. It is a French department that has, relative to other areas in the region, a high capacity for management enforcement. Thus, this reef system presents an important opportunity for documenting ecological data not available for other reefs in the region due to chronic overfishing (e.g. Conand & Muthiga 2007 , Conand 2008 , Eriksson et al. 2010 ).
Here we investigated the commercial sea cucumber community in 5 areas around the island of Mayotte. We hypothesised that we would not find a difference in community composition between areas of similar habitat categories. To address this hypothesis we examined whole community composition and diversity between 5 surveyed areas and 3 defined habitat categories within these areas. The hypothesis that complex habitats in the reefs of Mayotte would support more diverse and abundant sea cucumber fauna was addressed, as this relationship has been demonstrated for fish communities (Gratwicke & Speight 2005 , Wilson et al. 2007 ). We also analysed distribution patterns in relation to substrate variables for the 6 most commonly observed species.
MATERIALS AND METHODS

Survey location and sites
Mayotte (12°50' 35" S, 45°8' 18" E) is located in the Comoros Archipelago on the border between the biogeographic zones of the Somali Basin and the Mozambique Channel in the Western Indian Ocean (Fig. 1) . Mayotte has narrow fringing reefs with small near-shore lagoon areas. The main island is enclosed by an extensive barrier reef with a deep lagoon between the fringing and barrier reefs. Commercial sea cucumbers were surveyed in Mayotte from 22 April to 22 June 2010. The sampling design was stratified into 5 geographic areas to investigate the distribution of species (Fig. 1, Table 1 ). These areas were chosen as they contained contrasting habitats from around the island. The western side of the island could not be surveyed for logistical reasons.
Survey method
Fringing and barrier reef zones in Areas A to E were surveyed using the manta board technique (English et al. 2003 ). This method is suitable for census of large, sedentary conspicuous sea cucumber species (see Uthicke & Benzie 2000 , Shiell & Knott 2010 , and is recommended by Friedman et al. (2008) for underwater visual census of commercial sea cucumbers. This method is likely to underestimate the density of cryptic or nocturnal species (e.g. Shiell & Knott 2008) . Consequently, the analysis is limited to the species suitable to census by this method (i.e. large or conspicuous species). The sampling unit was a 300 × 2 m transect, following the Reef Fisheries Observatory program at the Secretariat of the Pacific Community (SPC) (Friedman et al. 2011 ). This relatively large unit area covers a mosaic of habitats, referred to as 'blanket manta tows' by Shiell & Knott (2010) . Three coarsely defined habitat types were identified, i.e. fringing reef, inside barrier reef and outside barrier reef, to allow for habitat distribution analysis ( Table 2 ). The distance and speed of the tows were monitored using a handheld GPS (Garmin ® 60) by staff in the boat. Sea cucumber counts were recorded on a data sheet mounted on the manta board. Upon completion of each transect a range of habitat variables was recorded to de scribe the environment (Table 3 ). The habitat variables in cluded descriptions of the physical habitat, percentage area of substrates and percentage cover of seagrass.
Data presentation and statistical analysis
We used the percentage of manta tows where a species was present as a measure of its occurrence, and calculated the density (no. ind. ha (Quinn & Keough 2002) . For species indicating significant difference in overall density a post hoc pairwise comparison was done using Wilcoxon's signed-rank test, which is a rank-based, non-parametric test (Quinn & Keough 2002) , with Bonferroni correction. All analyses were performed using R.2.9.2 (R Development Core Team 2008). Data determined for the sea cucumber community (diversity and abundance) were analysed and illustrated by calculating the Bray-Curtis dissimilarity matrix using the VEGAN package in R (Oksanen et al. 2011) , and non-metric multidimensional (nMDS) scaling was performed on this matrix. Data were fourth-root trans formed to reduce dispersion (Field et al. 1982) . Confidence in tervals (95%) were applied to the ordination. Significance testing for difference in community composition between the surveyed areas and habitat categories was performed using ANOSIM with permutations in the VEGAN package in R as outlined by Oksanen et al. (2011) . In addition, the relationship between species diver sity and abundance with habitat complexity (scored 1 to 5) was investiga ted using a linear regression analysis. Habitat variables associated with the distribution of the 6 most common species were used to assess species habitat overlap or segregation. We used the mean percentage or score of each of the re corded habitat variables de termined for each species. The means were weighted according to species abundance, increasing the weight of variables in transects where a particular species was abundant. Principal component analysis (PCA) was used to identify and visualize the habitat variables explaining species-specific distribution using the VEGAN package in R (Oksanen 2009 ). The Euclidean distance was calculated for habitat variables at a species level. Average linking was applied to the distance matrix; species were then clustered in a dendrogram following their dissimilarity in recorded habitat preference. Visual estimate of area with seagrass cover Table 3 . Recorded habitat variables and a brief description of how they are estimated
RESULTS
The assemblage and its spatial distribution
A total of 14 sea cucumber species were observed in manta tows with an additional 8 species observed outside of manta tows (Fig. 2, Table 4 ). Bo had schia atra and Holothuria nobilis were the most common species. These species, together with Thelenota ananas and Holothuria fuscopunctata were the only species observed in all areas. In contrast, other species were only observed in ≤3 survey areas. Stichopus chloronotus, for example, was only recorded in Areas A and B, but at high abundance in an aggregated distribution. Some species were most common in certain areas or habitat categories. For example, B. atra was most common in fringing reef habitat (p = 0.00 to 0.05), while H. nobilis was more common in outside barrier reef habitat (p = 0.02 to 0.05). Similarly, H. atra showed a preference for fringing reefs (p < 0.00). Notably, T. anax was only observed on the lagoon islands' fringing reefs in Area C.
There was a significant difference in density be tween areas for Thele - Table 4 . Sea cucumber species distribution in the Mayotte reef system analysed with the species-specific percentage of manta tows, in which the species were recorded. Species are listed in order of total occurrence. Bold print indicates the area (A to E, see Fig. 1 ) or habitat category (FR: fringing reef; IBR: inside barrier reef; OBR: outside barrier reef) with the highest occurrence for the 6 most common species. More than 1 bold number per species indicates that those numbers are similar and significantly higher (p ≤ 0.05) than those not indicated in bold. An underscored number is significantly higher than a bold number. Other species observed outside of manta tows are also listed, with notes on their habitat Fig. 2 . General seascape in Mayotte with coarse geomorphological descriptions of locations where recorded species were found. Note that the back reef lagoon was not surveyed with manta tows. The species detailed in shaded areas were observed outside manta tows and not further detailed in this study. See Table 4 for full species' names nota ananas (H = 18.66, df = 2, p < 0.00), but no pairwise difference was found (p ≥ 0.07), indicating unbalanced data for pairwise comparisons over the 5 groups. There was a significant relationship between density and habitat category for Bohadschia atra (H = 7.44, df = 2, p = 0.02) and Holothuria nobilis (H = 6.35, df = 2, p = 0.04) (Fig. 3) . A Wilcoxon pairwise test with Bonferroni correction showed that the density of B. atra was higher on frin g ing reefs than outside barrier reef areas (p = 0.03), and the density of H. nobilis was higher in outside barrier reef areas than on fringing reefs (p = 0.04). The ordination analysis illustrated that community structure between the 5 areas ( Fig. 4A ) and 3 habitat categories (Fig. 4B) were similar. There was a small difference in communities between the surveyed areas (ANOSIM: R = 0.17, p < 0.00). Narrower elliptic confidence interval of the fringing reef Area E in ordination space indicated a more homogenous community structure and a slight difference in community, in particular from the barrier reef Areas B and D (Fig. 4A) . The communities were also similar be tween habitat categories (ANOSIM: R = 0.06, p = 0.01); however, the barrier reef habitat showed a slight dissimilarity in community composition from the lagoon-facing fringing reefs and inside barrier reef areas, as seen in the separation in the elliptic confidence intervals in ordination space (Fig. 4B) .
The lowest sea cucumber diversity (6 species) was recorded in the southern fringing reef Area E (Table 4 ). There was a higher diversity of species in the lagoon-facing habitats (fringing reefs and inside barrier reefs) than in the ocean-facing barrier reef habitat (6 species) (Table 4), but there was no relationship between diversity (R 2 < 0.1, t 1, 268 = 5.22, p < 0.00) or abundance (R 2 < 0.1, t 1, 268 = 3.15, p < 0.00) and habitat complexity score (Fig. 5) .
The common species' habitat utilization
The plotted axes in the PCAs explain ca. 90% of the variance in the habitat−species relationships (Fig. 6A) . The PCA illustrates how Holothuria atra was found mostly on boulder and rubble type substrates. H. fuscopunctata and Thelenota ananas are separated from the other species in the PCA because they were recorded in manta tows over habitats with finer sand. These 2 species are separated from each other because of the nature of the soft substrate on which they were recorded; T. ananas was found in areas with high oceanic influence and at greater 
Thelonota ananas FR IBR OBR FR IBR OBR FR IBR OBR FR IBR OBR FR IBR OBR FR IBR OBR
Holothuria fuscopunctata
Stichopus chloronotus * * Fig. 3 . Density of the 6 most commonly recorded sea cucumber species in manta tows in 1 or more observation periods (n ≥ 1) in Mayotte reef system. Asterisks represent significant differences tested using Wilcoxon's pairwise test following a KruskalWallis test for overall significance. Areas are denominated by their assigned letter (A−E) and habitat category by the abbreviations -FR: fringing reef; IBR: inside barrier reef; OBR: outside barrier reef depth, while H. fuscopunctata was recorded in areas with lower oceanic influence, higher complexity and more soft sediment. H. nobilis and Bohadschia atra are clustered due to their preference for harder substrate. Stichopus chloronotus was also most often encountered on pavement substrate. The cluster analysis illustrates the linkages in similarity and dissimilarity in distribution among these species based on their associated habitat variables (Fig. 6B) . Three groups were evident in the dendrogram, roughly representing the reef flat area (B. atra, H. nobilis, S.
chloronotus), sandy lagoon areas with widespread live coral (H. fuscopunctata, T. ananas) and the rubble and boulder substrate back reef area (H. atra).
DISCUSSION
Distribution of the sea cucumber community
Most species were observed in >1 surveyed area or habitat in the coastal seascape. Although the 6 most common species were observed in significantly more manta tows in certain areas or habitat categories, they were widely distributed. This is further illustrated by the community composition, where all areas and habitat categories had manta tow data with similar, or even identical, observations. The PCA shows that some species were strongly associated with single or a few habitat variables, such as Holothuria nobilis (e.g. pavement substrate), while others were less clearly associated with specific habitat variables (e.g. Bohadschia atra). The reef habitat was heterogeneous, as typical of ocean systems (Crowder & Norse 2008) , and this influenced the spatially complex patchy distribution of the sea cucumbers throughout the seascape in Mayotte. Patchy distribution due to habitat utilization linked to seascape heterogeneity is a general feature of marine assemblages (Boström et al. 2011 ) and possibly provides an explanation as to why species are found aggregated, as reported by Shiell & Knott (2010) . Population dynamics linked to these patchy animal−habitat associations, for example through connectivity in 'source−sink' relationships, are generally underresearched (Boström et al. 2011 ) but should be on the research agenda for commercial sea cucumbers as it may affect their ability to recover from fishing and maintain ecosystem functionality.
The species-specific habitats are similar to those observed in a descriptive taxonomic survey in the Comoros by Samyn et al. (2006) and elsewhere in the region (review by Conand 2008) . However, Holothuria atra, which is usually found in sandy areas (Bellchambers et al. 2011 , Dissanyake & Stefansson 2012 , was found associated with hard reef substrate. This is perhaps explained by the ecology of this species, exhibiting two morphs: a small morph that usually occupies shallow lagoons and a larger morph that usually occupies reef areas (Chao et al. 1994) , coupled with the limited area of shallow lagoons in Mayotte. Bohadschia atra and H. nobilis were the most common species, and their distribution was the major influence in the homogeneity in community structure between areas. Although B. atra and H. nobilis were in the same cluster in the dendrogram, and so exhibited similar habitat variables, they were separated spatially. B. atra was more common in fringing reef habitat than in outside barrier reef habitat; the opposite pattern was evident for H. nobilis. The contrasting distribution of these species and the lower diversity (fewer unique species) was the driver of community difference in Area E and in the oceanfacing barrier reef habitat category noted in ordination space (Fig. 4) . Most of the 6 focal species were observed at different frequencies between areas and Table 3 ) and the relative location of sampled species (see Table 4 for full species' names). Habitat variables have been weighted according to abundance. (B) Cluster analysis using average linkage (between species-specific habitat variables) of the distribution of 6 commercial sea cucumbers in Mayotte. 'Height' on the x-axis is the distance between clusters illustrating dissimilarity. Habitat variables have been weighted according to abundance habitats. However, the density was similar across areas and habitat categories (other than the difference noted between fringing reefs and outside barrier reefs for B. atra and H. nobilis). Hence, while these results support the hypothesis that the sea cucumber community is similar between surveyed reef areas and habitat categories, the results also indicate that there are differences in diversity and distribution, primarily of less abundant species. In a survey in New Caledonia, Purcell et al. (2009) also noted a lower diversity of commercial sea cucumbers on the more exposed ocean-facing side of barrier reefs. It appears that while areas had a similar sea cucumber community, largely due to similar densities of common species, unique or rare species occurred at a frequency or density too small to signal difference at a community level. This shows the need for visual census for spatial planning of fisheries and demonstrates that unique species should be exempt from harvesting, due to the difficulty in monitoring them and in identifying changes in community size or structure. Among the least common species were Actinopyga obesa, Bohadschia subrubra and Thelenota anax for which no ecological studies exist. Although the abundance of some species may be underestimated by our survey method, this paucity of research supports that exclusion of rare species is also an imperative for conservation of diversity.
Species diversity and abundance
We did not find a correlation between habitat complexity and diversity or abundance. This result, while not supporting our hypothesis, is intuitive as different species showed preference for different types of substrates and these varied in complexity. The PCA for the 6 most common species indicated that habitat complexity had an influence on the distribution of Holothuria fuscopunctata and Thelenota ananas; how ever, other species were more strongly associated with particular substrate variables. It appears that habitat complexity only partially explained the increase in diversity and abundance, potentially through a habitat diversity effect or increased area per se (e.g. Johnson et al. 2003 ) associated with the habitat mosaic of the reef at a larger spatial scale. The highest complexity score was recorded in areas with dense live coral with little sediment, which do not provide suitable feeding habitat for many sea cucumber species, which ingest sand. In addition, the most complex habitat was also more difficult to survey and cryptic or nocturnal species would not be detected.
In a previous holothuroid inventory on the Comoros Archipelago by , 40 species were recorded, with approximately half of these being commercial aspidochirotids (as identified in a review by Conand 2008) . For Mayotte, 27 holothuroids are listed in the survey by Conand et al. (2005) , with 20 of these being commercial aspidochirotids. In the present study, we observed 22 of the species listed by Conand et al. (2005) . We did not observe the commercially valuable Holothuria lessoni (formerly known as Holothuria scabra versicolor; Massin et al. 2009 ), which was listed by Conand et al. (2005) . This species is typically associated with soft sediment habi tats that we did not census.
In Mayotte, commercial high-value species (i.e. Holo thuria nobilis, H. fuscogilva and Thelenota ananas, as defined by Conand 2008) constituted 27% of total observations, compared to 1% in Zanzibar where the fishery is active (Eriksson et al. 2010) and < 3% in the unfished isolated atoll system of the Cocos (Keeling) Islands (Bellchambers et al. 2011) . The most common species, Bohadschia atra, was also noted as common in the sea cucumber appraisal on fringing reefs in Mayotte in 2003 (Pouget 2005) . However, the same high density of the high-value species' H. nobilis and T. ananas, which were target species in the previous fishery, was not observed by Pouget (2005) . This may partially be explained by different survey methods and habitats. For example, we established that H. nobilis was more abundant on barrier reefs than on fringing reefs, which was the target habitat for the appraisal by Pouget (2005) . But it may also indicate a recovery after protection. In contrast, H. whitmaei, the Pacific sister species of H. nobilis, in Queensland, Australia, did not recover following depletion in 1999, as indicated in re-surveys of fished areas ). The mean density of 10 to 20 ind. ha −1 for H. nobilis in survey areas in Mayotte is similar to published 'natural' densities from the Western Central Pacific (Kinch et al. 2008) .
Survey data and applicability
While survey design should reflect target species ecology (Shiell & Knott 2010) , given the multi-species nature of the fishery, and varying ecology among species, this would be intractable for management teams with limited capacity. The heterogeneous nature of sea cucumber distribution highlights the suitability of manta tows as a broad-scale assessment method to characterise the spatial distribution of stocks to inform fisheries management. The manta tow method is not suitable for sampling small species in cryptic habitats or nocturnal species, and our study did not exceed 8 m in depth. For a more comprehensive picture of the holo thurian assemblage, a range of sampling methods would be required to ensure observation of nocturnal, cryptic, or deep-water species. Targeted sampling methods would also be required to build a profile of the size distribution of populations.
There is a trade-off between the effort required to survey expansive areas for sea cucumber habitat and the accuracy of the method for ecological analysis. Moreover, it is challenging to achieve high levels of replication. Using the broad-scale manta tow method is not ideal for stratification into detailed habitat zones associated with reefs. For example, in Mayotte the fringing reef is so narrow that it is practically impossible to stay within any of the commonly defined reef habitats (e.g. back reef, reef flat, reef crest, reef slope and reef front). Here we stratified our sampling at a coarser scale and used specific habitat variables surveyed in parallel with documentation of the sea cucumber assemblage to characterise habitat utilisation. On the other hand, the manta tow method is a powerful approach because it facilitates coverage of large areas so that large-scale patterns important for fisheries management can be derived with confidence.
Contextualizing our findings
Our approach to determining the distribution and abundance of aspidochirotids in Mayotte analysed patterns that are largely driven by complex and interrelated variables (e.g. physical, ecological, or chemical) that operate at different scales. Thus, we used a diverse suite of habitat variables to avoid a narrow single-variable analysis. This facilitated an ecologically meaningful identification of the habitat variables associated with the 6 most common commercial sea cucumbers in Mayotte. The novel contribution of the present study to our understanding of sea cucumber ecology lies in the fact that our study was undertaken in one of a few large reef areas protected from fishing. The protection effect is illustrated by the abundance of species with high and medium commercial value. Where other studies have contributed with detailed analysis on distribution of single or common species (e.g. Uthicke & Karez 1999 , Dzêroski & Drumm 2003 , Dissanyake & Stefansson 2012 or on >1 species but within similar habitats (e.g. Massin & Doumen 1986) , we have, similarly to Conand & Chardy (1985) and Conand (1989) , attempted to provide a large-scale picture of a sea cucumber community that included commercially valuable species. In addition, we used a survey method applicable to management teams generating an assessment of habitat utilization in relation to substrate variables of several commercially valuable aspidochirotid species. In this context, our study used habitat variables collected using visual estimates, and we acknowledge that distribution for many species is probably driven by variables at a scale not captured in our approach. Recorded variables here may, however, act as proxies for actual drivers (e.g. substrate may be a proxy for food content). The distribution of the sea cucumber assemblage at Mayotte underscores that careful spatial planning of fishing grounds and closed zones is important for ecologically relevant area-fishery management. For example, the cluster analysis indicated that some species could be managed by protection within the same type of habitat. However, protection of a wide range of habitats would be needed to ensure protection of several species. Spatial planning is made difficult by the fact that processes associated with early life-history, such as settlement substrate or juvenile habitat, remain unknown for most species. The underlying processes that drive the distribution, abundance and habitat utilization of commercial sea cucumbers needs to be further studied to assist inclusion of this resource in ecosystem-based management. In particular, research relating to the role of habitats in early life-history is required to map dispersal and the true scales of species-specific habitat utilization and should be a priority for future studies. 
